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(54) Method for obtaining from a block turbo-code an error correcting code of desired parameters 



(57) The present invention concerns a method for 
obtaining an error correcting code of a given first size 
(/V), including a systematic information part of a given 
second size (K) and a redundancy part. A block turbo- 
code is first obtained from said systematic information 
part and from predetermined information elements pro- 
vided at known locations, said block turbo-code consist- 
ing in a product of elementary systematic block codes, 



at least said predetermined information elements being 
removed from the obtained block turbo-code to produce 
a shortened block turbo-code. An additional error cor- 
recting code is derived from at least a portion of said 
shortened block turbo-code and said shortened block 
turbo-code Is stuffed with stuffing elements so as to at- 
tain said given first size, said stuffing elements being 
information elements of said additional error correcting 
code. 
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Description 

roooil The present invention concerns in general terms a method for obtaining from a blocic turt)o-code an error 
correcting code of desired parameters. The Invention concems also a method for decoding such an en-or conrecting 

m02] As it is well known, lurtjo-codes were originally introduced by C. Berrou. A. Glavieux and P. Thitimajshima in 
an article entitled "Near Shannon Limit Error Correcting and Decoding: Turbo-codes" published in ICC-1993 Confer- 
ence Proceedings, pages 1064-1070. Turbo-codes have subsequently been the subject of many developments. 
[00031 Broadly speaking, the turbo-coding principle is based on the concatenation of a plurality of elementary coding 
steps, each using a simple code, hereinafter referred to as elementary code.The elementary coding steps are separated 
bv interleaving steps modifying the order in which the data is taken into account. 

[00041 Two large classes of turbo-codes are distinguished: parallel turbo-codes where the elementary coding steps 
are carried out in parallel and serial turbo-codes where the elementary coding steps are carried out sequentially. Block 
turbo-codes (BTCs) are a special class of serial turbo-codes where the elementary codes are block codes like Hamming, 
RS ( Reed Solomon) or BOH (Bose-Chaudhuri-Hocquenghem) codes. 

[00051 Fig 1 illustrates schematically the structure of a block turbo-coder. The block turbo-coder 100 comprises 
elementary block coders 110,...,110pconcatenated in series, where Pis called the dimension of the turbo-code The 
turbo-coder operates on data block of P dimensions, each elementary coder operating on one dimension only. Without 
loss of generality, it will be assumed In the following that P=2. 

[00061 A block of data represented by a matrix of k^xk^ symbols is input to a first block coder 1 1 0, . It should be noted 
that depending on the type of block code, the symbols may be bits or words. The first block coder 110, operates on 
the rows (or the columns) of the matrix and appends to the original data (also called the systematic infoniiation or the 
systematic part) a first redundancy infomiation (or redundancy part, here represented by a dotted area) to form a matrix 
of size mxk. The second block coder 1 1 0^ operates on the columns (or the rows) of the n.xk^ matrix and appends 
thereto a second redundancy information (dotted area) tof omn a matrix of size n^xn^. The systematic part is represented 

by the blank area of size ^ix/cj. . ^ • .u »:,««ftho, 

[0007] In general, an error correcting code is denoted (N.K.D) where N is the size of the code, K is the size of the 
original information (i.e. the size of the systematic infom^ation in case of a systematic code) and D js the minimum 
Hamming distance of the code. If (n„ k,. d,) and (n^. k^. d^) are respectively the block codes used by the first and the 
second block coders, the resulting turbo-code is in fact a product code of minimum Hamming distance d=di xcij and 
therefore denoted {n.xn^, k.xk^, d.xd^). Hence, by concatenating block codes of small Hamming distances a block 
turbo-code can be obtained with a much larger Hamming distance. , ■ * 

[00081 The coded data output by the block turbo-coder is M-ary or binary modulated (e.g. BPSK modulated) pnor to 
being transmitted over a transmission channel. At the receiving side, a demodulator outputs soft values reflecting the 
probabilities of transmitted M-ary symbols or bits. These soft values can be labelled in temis of probabilities, likelihood 
ratios or, more commonly, in terms of log likelihood ratios (LLRs). 

[00091 Fig 2 illustrates schematically the structure of a block turbo-decoder. The information is presented as a P- 
dimenslonal block of soft values supplied by the demodulator. The turbo-decoding process involves a senes of iterations 
1 k upon the input block, each iteration consisting in a concatenation of elementary decoding steps, each elementary 
decoding step operating on one dimension of the input block. For exanyple. (1) in Fig. 2 represents the concateriation 
of elementary decoding steps (or elementary decoders) 210^' ,...21oJ) of the fjrst iteration and (/c) -Presents the 
concatenation of the elementary decoding steps (or elementkry decoders) 210<'') ....210^ of the last iteration. The 
last Iteration is followed by a hard decision 220, e.g. a thresholding, for obtaining the decBded bits or words. 
[001 0] The input information of an elementary decoder is so called a priori infonnation and consists of a noisy version 
of the output of the corresponding elementary coder From this infomnation and the coding law of the corresponding 
elementary coder, the elementary decoder generates an a posferibr/ information, which is an estimation of higher 
reliability of the information input to the corresponding elementary coder The additional intomnatlon provided by the a 
posteriori information with respect to the a priori information is referred to as extrinsic infomnation. 
[001 1] Various algorithms can be used in the elementary decoders 21 0^. for example the Chase algorithm disclosed 
in the article entitled "Near optimum product codes" published in Proc. IEEE Globecom of 1994, pages 339-343 or 
the algorithm described in the article of J. Lodge et al. entitled "Separate MAP filters for the decoding of product of 
concatenated codes" published in Proc. ICC'93, pages 1740-1 745. 

[0012] Each elementary decoder receives the entirety of the input block and carries out an estimation of the soft 
values of the said block, according to the coding dimension of the corresponding elementary coder, by using for example 
the Chase algorithm mentioned above. If the soft values are expressed in terms of LLRs, the a posterior, informaUon 
output by the decoder is subtracted from the a priori infomiation to obtain a block of extrinsic information having the 
same size as the input block. The extrinsic information is then added to the input block to serve as a prion information 
for the next elementary decoder It should be noted that the order of the elementary decoders/decoding steps is of a 
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little importance, each operating on one orthogonal dimension of the n-dlmensional block. By successive passes from 
one dimension to another and from one iteration to the next one, the estimation of the systematic information gains 
reliability. 

[0013] More specifically, the structure of an elementary decoder decoding the pth dimension is represented in Fig. 

5 3. The input block is represented by a matrix R of soft values supplied by the demodulator, assumed to be expressed 
here in terms of LLRs. The elementary decoder inputs a matrix of extrinsic values Wp and outputs a matrix of extrinsic 
values Wp^.-|, the matrix of extrinsic values input by the first decoder at the first iteration being Wi=0. The extrinsic 
values are then weighted in 310 by a weighting factor a.p before being added to the soft values of the matrix R. The 
purpose of the weighting factor ap is to reduce the contribution of the extrinsic information, the reliability of which is 

10 low during the first iterations. The resulting matrix Rp of soft values can therefore be written: 

Rp=R+ap.Wp (1) 

15 [0014] The soft values are decoded in 330 e.g. by using the Chase algorithm, thus providing an a posteriori infor- 
mation of higher reliability represented by a matrix R ^ of soft values. A new matrix of extrinsic values is obtained by 
subtracting in 340 the a priori information to the a posteriori information, that is: 

20 ^p,^=^'p^p (2) 

[0015] At the last iteration, the systematic part of R'^ is thresholded in the hard decision unit 2. 
[0016] An important characteristic of an error correcting code of parameters (N,K,D) is the ratio R=K/N , called the 
code rate, which gives the coding efficiency of the code. The parameters of a product code of elementary codes (Hp, 
^p,dp). denoted 
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(npMp^dp) are given by: 



^=rT^' ^=ri^P' ^=n^. (3) 

/7=l /7=l 



and therefore: 



where rp=k^np is the code rate of the pth elementary code. 

[0017] Another important characteristic of an error correcting code is the so called asymptotic gain of the code, 
defined as the ratio, expressed in decibels, of the energies per information bit which are necessary, without coding 
and with coding, respectively, for achieving a given binary error rate (BER). The asymptotic gain G of a product code 
is equal to the sum of the asymptotic gains of the elementary codes: 

G = j:G^ (4) 

55 

[0018] In practice, fora given telecommunication system, the values of the parameters K'and N'oian error correcting 
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code are otten imposed. On the other hand, the paranneters n^and kp of the known block codes (np,kp,dp) cannot take 
but few possible values. It follows (3) that a block turbo-code offers a very limited choice in terms of available parameters 
/Cand N. Furthermore, it is often found necessary to adapt the error correcting code parameters to the condition of the 
transmission channel. For example, if the quality of the transmission channel is good , a code of high rate can be 
5 chosen whereas if the quality of the transmission channel is poor, a code of low rate is required. In order to broaden 
the choice of values for the parameters K and W of a block turbo-code, the general techniques of code shortening, 
code puncturing can be applied. 

[0019] The shortening of a block code (n,/c,d) consists in setting to zero a plurality s of bits (called shortened bits) of 
the information to be coded. Although these zero values are taken into account for generating the redundancy part, 
10 they are not transmitted to the receiver The k-s remaining bits of the systematic information and the n-k bits of the 
redundancy information define a shortened code {n-s,k-s,d^ where d^d. At the receiving side, the decoder knows the 
positions and values (equal to 0) of the shortened bits and therefore they can be given the highest level of reliability 
(i.e. -1 if LLRs are used). The a priori knowledge of the s shortened bits improves the decoding of the n-s remaining 
bits. Shortened block codes can be concatenated to form a shortened block turbo code denoted 
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(n - Sp,kp - Sp,(/). Typically, the shortened bits are arranged along rows and columns to simplify the decoding process. 
Fig. 4 shows a^ example of such a bidimensional shortened block turbo code. The shortened bits set to zero have 
been illustrated by the areas filled in grey. The parameters of the illustrated shortened code are 

((«, -^,)x(n^ -s^XQ^i -s,)Af^2 -'S'^X^ ^^2) 
and hence the rate of the shortened code is lower than the rate of the original code: 

_ (^1 ' ■gl)(^2 - ^2) ^ o (5) 

[0020] The puncturing of a code consists in omitting to transmit certain bits of the code, most often belonging to the 
35 redundancy part if the code is systematic. At the receiving side, the punctured bits are attributed any value and the 
lowest reliability level (0 if LLRs are used). 

[0021] Fig. 5 shows a punctured bidimensional block turbo code. The punctured bits are represented by squares 
filled in black. If x is the total number of punctured bits, the parameters of the punctured code are (n^n2M^k2~^.d^ with 
d^<d and the rate of the punctured code is higher than rate of the original code: 



R-Jh!^^R (6) 



45 [0022] Since the number of parity bits is lower and since the punctured bits have the lowest reliability level, the gain 
of the punctured code is lower than the gain of the original code. 

[0023] The combination of shortening and puncturing significantly extends the choice of achievable parameters. In 
particular, for a shortened and punctured bidimensional block turbo-code, the parameters are 



and therefore the code rate can be written : 

55 



jk^-s^Hk^'S^) 
«P (n,-s,)(n2-S2)-x 
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[0024] By carefully choosing the parameters of the elementary block codes, the shortening lengths and the amount 
of punctured bits, the desired parameters N,Kcan be obtained. These codes are called parametric block turbo-codes. 
[0025] However, the larger choice of parameters is balanced by the lower asymptotic gains of the codes obtained, 
basically due to puncturing. 

[0026] It has been proposed in the prior art, e.g. in EP-A-827285, to distribute uniformly the shortened bits along the 
different dimensions of the turbo-code and next to the punctured bits. Such a turbo-code Is illustrated in Fig. 6 where 
the punctured bits are represented in black and the shortened bits in grey. By so doing, the high reliability of the 
shortened bits compensates for the low reliability of the punctured bits and consequently improves the asymptotic gain 
value of the shortened punctured turbo-code. However, the puncturing necessary implies a waste of redundancy and 
therefore a sub-optimal asymptotic gain. 

[0027] It is therefore a first object of the invention to obtain from a block turbo-code an error correcting code having 
the desired parameters N,K and exhibiting a higher gain than in the prior art. A second object of the invention is to 
obtain said error correcting code of desired parameters without puncturing. 

[0028] The object of the invention is achieved by the method defined in claim 1 . The object of the invention is also 
defined by the decoding method set out claim 7. 

[0029] The characteristics of the invention mentioned above, as well as others, will emerge more cleariy from a 
reading of the following description in relation to the accompanying figures, amongst which: 

Figs. 1 depicts schematically the general structure of a block turbo-coder; 
Fig. 2 depicts schematically the general structure of a block turbo-decoder; 

Fig. 3 depicts schematically the strcuture of an elementary decoder for one dimension of the turbo-code ; 
Fig. 4 represents a bidimensional shortened block turbo-code; 
Fig. 5 represents a bidimensional punctured block turbo-code; 

Fig. 6 represents a bidimensional shortened and punctured block turbo-code according to the prior art; 

Figs. 7A and 7B represent two steps of the method according to the invention for obtaining an error correcting 

code of parameters N,K starting from a bidimensional block turbo-code; 

Fig. 8 depicts schematically a coder according to the invention for generating said code of parameters N,K; 
Fig. 9 depicts schematically a decoder according to the invention for decoding the code generated by the coder 
of Fig. 8; 

Fig. 10 illustrates the BER for a block turbo-code according to the invention and a conventional block turbo-code, 
respectively; 

Fig. 1 1 Illustrates the PER for a block turtDO-code according to the invention and a conventional block turbo-code, 
respectively. 

[0030] The general idea at the basis of the invention is to jointly use a combination of code shortening and bit stuffing, 
the stuffing bits being obtained by applying an additional error correcting code to the shortened block turbo-code. 
[0031] In general, bit stuffing consists in adding, e.g. appending dummy bits to a codeword to be transmitted. At the 
receiver side, the stuffing bits are stripped away from the codeword and the decoding process operates on the remaining 
bits. If (n,/f,d) are the parameters of a block code and 2 is the number of stuffing bits, the parameters of the stuffed 
code are {n+z,k,d) and the new code rate is therefore lower than the original code rate: 



[0032] Let us suppose that an error correcting code of given parameters N, K is required and that two systematic 
block codes of parameters (n^, k^, d^) and (02, k2.. respectively are chosen such that: 




(8) 



(9.1) 



(9.2) 



and, if a minimum coding gain G^^^^ is required, such that they also meet the constraint 
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[00331 The product code or block turbo-code, (n^, k„ d,)x(n2^ ^2) has a codelength of n.n^ bits and comprises 
k, k2 systematic bits. In order to obtain the desired amount of ^systematic bits, /c^/Cg-K systematic bits must be removed 

or, in other words, shortened. 

[00341 As we have already seen above, shortening can be achieved by seuing entire rows and/or columns and/or 
isolated bits to zero. If s, columns and Sg rows of the product code are shortened, the amount of systematic bits 
shortened in the row/column shortening operation is: 

k^k2 ' - S^){k2 - S2)=/fiS2 + /C2S1 - S^S2 (^0) 

and the total amount of row/column shortened bits: 

[0035] The remaining amount of isolated systematic bits to be shortened in order to obtain Ksystematic bits is there- 
fore: 

k^k2 - (k^S2 + /CgS^ - - K C^) 

[00361 After having shortened said isolated systematic bits, the codelength becomes, taking into account (11) and 
(12): 



50 
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that is: 



(13) 



M"2 



S2(ni - /fi) - s^{n2 - k2) - (k^kz - K) (14) 



[00371 Only the first temi in (1 4) is positive. It is assumed that , are chosen so that < A/ . 
[0038] According to the invention, stuffing bits in an amount of: 

N-n^ = {k^k2 " K) - (n^ng- N)+S2{n^- k^)+s^{n2' Afg) ^^^^ 

are inserted after the code shortening step. The stuffing bits are obtained by applying an error correction code (refen^ed 
to in the following as additional error correction code) to the shortened code. Advantageously, a simple code is chosen 
as additional error correction code, for example a replication code or a parity code. . i, 

[0039] Figs. 7A and 7B illustrate with an example how the desired code of parameters N,K\s obtained from the block 

turbo-code (/?.,, k^, d^)An2, ^^2)- * • ^ 1. 

[0040] Fig 7A shows the result of the bit shortening step, where the shortened bits are represented in dark grey. 
Here five rows and no column have been shortened (s,=0 and 5^=5) as well as bits unifomily distributed along the 
two dimensions of the code (see diagonals). It is emphasized that the shortened bits are not transmitted but are taken 
into account for the calculation of the redundancy part of the product code. 

[0041] Fig 7B shows the result of the bit stuffing step, where the stuffing bits are represented in light grey. According 
to an embodiment of the invention, the stuffing bits take the place of some of the shortened bits, In the amount given 
by (1 5) According to afirst vanant, the stuffing bits are scattered pseudo-randomly over the systematic part. According 
to a second variant, the stuffing bits are distributed according to a regular unifomi distribution law over the systematic 
part. e.g. along the diagonal or diagonals thereof. It is emphasized that the stuffing bits are not taken into account for 
the calculation of the redundancy part of the product code but are transmitted though . 

[0042] The stuffing bits are obtained by applying said additional correcting code. For example, each stuffing bit can 
be a replicate of its right neighbour as indicated by arrow 610. 

[0043] A numerical example will better explain the shortening and bit stuffing process according to the invention. Let 
us assume that we have to realize a coder which inputs K=424 bits and outputs /S^832 bits. i.e. which has an imposed 
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code rate of R=424/832=0.51 . 

[0044] Let us now consider a turbo-code consisting in the concatenation of two identical BCH (32,26,4) codes. The 
constraints 9.1 and 9.2 are nriet since 262>424 and 322>832. The amount of systematic bits to be shortened is 262- 
424=252. Let us further assume that 53=6 rows and no column are shortened. The amount of isolated systematic bits 

5 to be shortened Is therefore 252-6x26=96 bits. The total amount of shortened bits is equal to the sum of the number 
of bits (systematic and redundant) of the shortened rows and the number of the shortened isolated systematic bits, 
that is: 32x6+96=288 bits. After the shortening step, the total amount of remaining bits is equal to: 32^ -288=736 bits. 
This amount is lower than the desired codelength 832 and therefore 832-736=96 stuffing bits are inserted in the short- 
ened code, for example at the locations of the 96 shortened systematic bits. Each stuffing bit is preferably a replicate 

10 of a neighbouring bit. 

[0045] Fig. 8 shows schematically the structure of a coder according to the invention allowing to obtain a code of 
parameters A/,Kstarting from a block turbo-code {n^, k^, d^)x{n2, f<2, d^i- In module 81 0, the /C information bits as well 
as zeros at the locations of the shortened bits are arranged in a fcg matrix. The concatenated coders 820 and 830 
carry out the (n^, k^, d^) and (ng, k^, d^ coding respectively. The bits to be shortened (rows, columns and "isolated" 
15 bits) are removed in 840. The additional correcting code is applied in 850 to the shortened turbo-code output from 840. 
The N-Og error correcting bits thus obtained are used in 860 for stuff ing the turbo-code at predetermined locations. The 
stuffed shortened turbo-code contains the required amount of N bits. 

[0046] Fig. 9 shows schematically the structure of a decoder according to the Invention. The decoder receives after 
demodulation a block of A/soft values. The N-n^ stuffed values are used in the soft pre-decoder 910 for error correcting 

20 the shortened turbo-code . For example, if the stuffed bits are replicates of infonnation bits and the soft values expressed 
as LLRs, the soft value of an information bit is averaged with the soft value of its replicate in order to obtain an estimation 
of higher reliability. After pre-decoding, the soft values corresponding to the stuffed bits are removed from the received 
block In 920. Zeros with the highest reliability level arc inserted in 930 at the locations of the shortened bits, i.e. -1's 
are inserted If LLRs are used. The iterative turbo-decoding process is performed in 940 and the shortened bits are 

25 then removed in 950 to output a block of K bits. 

[0047] Fig. 1 0 shows the BER (Bit Error Rate) versus E^/N for the example of the shortened BTC (832,424) set out 
above. The curve (1010) relates to the shortened BTC without bit stuffing and the curve (1 020) relates to the shortened 
BTC stuffed with replicates. As It can be seen by comparing curves (1 010) and (1020), the insertion of the stuffing bits 
significantly improves the BER. 

30 [0048] Fig. 11 shows the PER (Packet Error Rate) versus E^/N for the same example. The curve (1110) relates to 
the shortened BTC without bit stuffing and the curve (1 120) relates to the shortened BTC stuffed with replicates. As it 
can be seen by comparing curves (1110) and (1120), the Insertion of the stuffing bits significantly improves the PER. 
[0049] Although the code of parameters A/,Khas been obtained from a bidimenslonal block turbo-code, It should be 
clear to the man skilled in the art that a block turbo-code of higher dimension" could have been used instead. 

35 [0050] It should also be clear that the various modules of the coder illustrated in Fig. 8 have been introduced for 
explanatory purposes only. In practice, the coder can be realised by a plurality of processors, each carrying out one 
or a plurality of coding steps, or by a single processor perfomning them all. This remark applies equally to the decoder 
of Fig. 9. 

40 

Claims 

1. Method for obtaining an error correcting code of a given first size (A/), Including a systematic information part of a 
given second size (K) and a redundancy part, according to whch a block turbo-code is first obtained from said 

45 systematic information part and from predetermined information elements provided at known locations, said block 

turbo-code consisting in a product of elementary systematic block codes, at least said predetermined information 
elements being removed from the obtained block turbo-code to produce a shortened block turbo-code, charac- 
terised in that an additional error correcting code is derived from at least a portion of said shortened block turbo- 
code and that said shortened block turbo-code is stuffed with stuffing elements so as to attain said given first size, 

50 said stuffing elements being infonnation elements of said additional error correcting code. 

2. Method for obtaining an error connecting code according to claim 1 , characterised in that said stuffing elements 
are information elements of the redundancy part of said additional error correcting code. 

55 3. Method for obtaining an error connecting code according to claim 2, characterised in that said error correcting 

code is a replication code. 

4. Method for obtaining an error correcting code according to any preceding claim , characterised in that said stuffing 
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elements are inserted in the block turbo-code at locations where the predetermined infomiation elements have 
been removed. 

Method for obtaining an error correcting code according to claim 4, characterised in that the infomiation elements 
of said en'or correcting code are inserted according to a pseudo-random pattern. 

Method for obtaining an error correcting code according to claim 4, characterised in that the information elements 
of said error correcting code are inserted according to a uniform regular pattern. 

Method for decoding an error correcting code obtained by a method according to any preceding claim, charac- 
terised in that, said error correcting code being provided by a demodulation step as a first block of soft values, a 
soft pre-decoding step using the soft values corresponding to said stuffing elements is effected to produce a second 
block of soft values of higher reliability, a removing step where the soft values corresponding to said stuffing ele- 
ments are removed from said second block, said predetermined information elements are then inserted in said 
second block at said known locations as soft values of highest reliability to produce a third block of soft values, 
said third block of soft values is turbo-decoded and said predetermined information elements are removed from 
said turbo-decoded block to produce a systematic infomnation part having said given second size. 

Coder for coding a block of information elements having a given second size (K) into an error correcting code 
having a given first size (AO, the coder comprising means (810) for inserting at known locations predetermined 
information elements, means (820,830) for turbo-coding the resulting block by applying a product of elementary 
systematic block codes, means (840) for removing at least said predetermined infomriation elements from the 
turbo-coded block to produce a shortened block turbo-code, characterised by comprising additional error correc- 
tion coding means (850) for coding at least a portion of said shortened block turbo-code and stuffing means (860) 
for stuffing said shortened block turbo-code with infomnation elements of said additional error correcting code. 

Decoder for decoding a first block of soft values corresponding to an error correcting code generated by a coder 
according to claim 8, said decoder comprising means (910) for performing a soft pre-decoding step using the soft 
values corresponding to the stuffing elements and for producing a second block of soft values of higher reliability, 
means (920) for removing from said second block the soft values corresponding to said stuffing elements, means 
(930) for inserting in said second block predetermined Infomriation elements with the highest reliability level at said 
known locations to produce a third block of soft values, means (940) for turbo-decoding said third block of soft 
values and means (950) for removing from said turbo-decoded block said predetermined infonnatjon elements to 
produce an information block having said second size. 
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